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Abstract

The significance and need for expert interpretation of cervigrams in the study of human
papillomavirus (HPV) are currently being investigated. Results of these preliminary studies
suggest development and integration of new optical probes for detection and discrimination of
cervical neoplasia using automated image analysis tools to reduce subjective variability and to
provide remote areas with effective screening tools for early detection of cervical cancer.
However, long-term studies using already available cervical images are needed to validate the
potential of automated classification and recognition algorithms in discriminating cervical
neoplasia and normal tissue. For the effective dissemination of cervical image data over the
Web from a central repository to various study groups, it is essential that the image file size be
reduced by advanced color data compression techniques while preserving crucial features of
color and spatial details. We present the preliminary results of the effectiveness of a novel,
wavelet-based, multi-spectral codec in retaining diagnostic features in encoded cervical
images.

1. Introduction

Cervical cancer is the second most common cancer affecting women worldwide, and in the
United States approximately 15,000 women per year are diagnosed with cervical cancer [1].
According to a recent survey, there are approximately 371,000 cases of cervical cancer
diagnosed annually and approximately 190,000 deaths per year on a worldwide basis. Although
with appropriate and accurate monitoring, along with proper diagnosis and treatment, cervical
cancer can be prevented, women continue to suffer from the consequences of cervical neoplasia
because of a relatively insensitive, and frequently non-existent screening test, nonspecific triage
assays and subjective colposcopic appraisal. Hence, significant disease commonly remains
undetected, and still women may be referred inappropriately for further diagnostic evaluation.
Despite the success of the Papanicolaou (Pap) smear in reducing mortality rates, high false
positive rates have been reported, thus requiring unnecessary invasive and costly procedures
[2].
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Fluorescence and reflectance spectroscopy [3] may have potential to enhance cervical
cytology, colposcopy and histologic analysis and to yield future methods for improved
screening and diagnosis of cervical neoplasia. Multi-spectral imaging techniques [4] coupled
with advanced discrimination algorithms may also have the potential of improving cervical
cancer prevention and thus the possibility of improving healthcare in women and reducing
health care costs. These recent studies suggest the value of development and integration of new
optical probes for detection and discrimination of cervical neoplasia using automated image
analysis tools to reduce subjective variability and to provide remote areas with effective
screening tools for early detection of cervical cancer. However, long-term studies using already
available cervical images are needed to validate the potential of automated classification and
recognition algorithms in discriminating cervical neoplasia and normal tissue. To facilitate such
studies to be conducted and validated by multi-center investigators, effective dissemination of
the image data over the Web from a central repository such as the National Library of Medicine
is desirable. Currently, the National Library of Medicine (NLM) Communications Engineering
Branch is collaborating with the National Cancer Institute (NCI) in a research and development
project in the use of biomedical multimedia database technology for the study of human
papillomavirus (HPV) in large-scale clinical data collections. In dissemination of such large
databases, it is essential that image compression be used which has a high compression ratio yet
which preserves crucial features of color and spatial detail, such as the degree of whiteness in
acetowhite regions and fine vascular structures. Despite good performance of JPEG 2000 for
most images, it does not have the flexibility to yield minimum distortion for specific classes of
color images. Alternative methods using lossy compression and decompression are available to
potentially increase the visual quality of the images considerably while simultaneously
decreasing the file size. Source encoding in the wavelet domain is perhaps the leading method
in this category. Wavelet-based encoding / decoding may be implemented in a variety of ways
and the use of vector and scalar quantization methods within that domain are well known [5].

We have applied a recently developed, novel, wavelet-based hybrid encoding scheme [6-8],
developed in the Computer Vision and Image Analysis Laboratory at Texas Tech University, to
selected digitized cervical images to evaluate the performance of such a codec in retaining
diagnostic features in cervical images. Our preliminary results suggest that such a codec could
be used in designing a compact imaging system for screening cervical cancer as well as for
disseminating cervical images to various study group from a central web based system (such as
the WebMIRS [9]).

2. Methodology

Since the cervigram images were not taken by digital camera directly but rather saved as
digital images by scanning from film, image quality was affected by possible film defects and
poor scanning processes. Shot noise, film grain noise, blurring and scratches are generally
introduced in the scanning process. Therefore, pre-processing of these noisy images before
compression is essential to enhance the image quality. Figure 1 shows a schematic diagram of
the processes which could be applied in recognition of cervical neoplasia or other
abnormalities.

3. Hybrid multi-scale vector quantization (HMVQ)

When multi-scale vectors are used for codebook training using Euclidean distance as a
distortion measure, distortions from each coefficient of the vector are equally weighed; thus, the
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contribution to the distortion depends on the coefficients themselves instead of the order of the
coefficients. This, in fact, codes the coefficients according to their magnitudes, rather than their
order of occurrence, which is the principle used in EZW [10] and SPIHT [11]. Traditionally in
vector quantization (VQ), vectors in the wavelet domain are generated by grouping neighboring
wavelet coefficients within the same subband and orientation the same way as in the spatial
domain. Vector dimensions vary and depend on the outcome of the adopted bit allocation
scheme. Using multi-scale vectors makes it unnecessary to spend valuable bits in coding the
locations of important coefficients, since the location information has been embedded in the
vectors and in the order of the vectors.

Figure 1. The entire process of digital image analysis for classification and recognition of a
multi- or hyper-spectral image input is shown schematically.

However, vector quantization normally produces a blurring effect in the images when they
are encoded at low bit rates. When codebooks are generated by training a large number of
samples via clustering algorithms, the codewords are the centroids of the partitions. When these
centroids are used to represent all the vectors within the cells, some information is necessarily
lost. If the vector space is not separated into sufficiently many partitions due to limitations in
the codebook size, much detail information can be lost when such a codebook is used for image
coding. The blurring effect due to information loss becomes more obvious at high compression
ratios (low bit rates). In the wavelet domain, multi-resolution codebooks are often designed
which increase the total codebook size (to include more detail) while keeping sub-codebooks
small, thus maintaining a reasonable coding complexity [12]. The blurring effect comes
essentially from the nature of codebook design methodology. It is necessary for a codebook to
capture the major features of the representative training samples, but it is impossible to include
every detail since the dimension of the codeword and the size of the codebook have to be
reasonable for practical applications. It is therefore desirable to find another approach to make
up for the lost details.

To accomplish this goal, we use a second-step residual coding, in which the differences
between the original vectors and the nearest codewords are scalar quantized. The residual
represents the detail information lost during vector quantization. When the codebook is well
designed, the residual contains only a small number of large magnitude elements. In this case,
only a few large magnitude elements have to be coded to compensate for the lost details, thus,
bits can be saved. The advantage of combining multi-scale VQ with residual scalar quantization
(SQ) is that the common features of a large variety of images can be represented in a codebook
of reasonable size using vector quantization. The detail information of each image that deviates
significantly from the common features can be specially coded using scalar quantization, thus
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preserving the critical information and yielding a reconstructed image of better quality. We
have extended our hybrid vector quantization codec (HMVQ) to color images by mapping RGB
to YCbCr as in JPEG 2000. An optimized color mapping scheme is currently under
investigation.

4. Results of multi-spectral HMVQ encoding

Figures 2 and 3 show the results of multi-spectral HMVQ encoding up to a compression ratio
(CR) of 98:1. The visibility of the vasculature is perceived to be much better when simple
contrast and brightness transformations are performed. Figure 4 shows how other diagnostic
features are also retained up to a compression ratio of 96:1.

Original CR: 62 CR: 80 CR: 98
Figure 2. The vasculature in the above cervigram has been mostly retained by HMVQ

compression for compression ratios ranging from 62:1 to 98:1.

Original CR: 62 CR: 80 CR: 98
Figure 3. A simple contrast and brightness change makes the poorly lighted cervigram in

Figure 2 brighter for better visibility of the vasculature.

Original CR: 60 CR: 75 CR: 96
Figure 4. HMVQ compression using compression ratios ranging from 60 to 96 retains

most of the diagnostic features in the above cervigram.
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Figures 5 and 6 show the effect of enhancing the cervical images to remove noise and
enhance edges. In Figure 5, the image on the left is the original one, and the one on the right is
the enhanced image. We sequentially used three types of filters to achieve the enhancement,
namely Wiener, despeckle and unsharp mask. The Wiener filter is used to adaptively reduce the
white noise across the whole image, which is probably introduced by poor quality scanning; a
despeckle filter is to remove the speckles that are caused by film defects; and an unsharp mask
is used to visually enhance the edges and thereby to produce a sharper image.

Original image Enhanced version of the original image
Figure 5. Effect of Image Enhancement

Original CR: 60 CR: 75 CR: 96
Figure 6. Edge detection applied on images at various levels of compression showing the

contours of the acetowhite regions remaining unaffected by compression

The above examples of compression and enhancement of cervical images digitized from 35
mm cervigram slides demonstrate the potential of HMVQ compression in efficient
dissemination of a large set of cervigrams (approximately 100,000) acquired by previous NCI
studies for investigating the role of human papillomavirus (HPV) in the development of
cervical cancer and its intraepithelial precursor lesions in women.

We are investigating the development of a system for computer-based recognition and
classification of cervical neoplasia with the ultimate benefit of improving management and
reducing healthcare cost for women with cervical neoplasia, a condition associated with high
morbidity and mortality risk worldwide.

5. Conclusions and future work

The long term goal of the current research work is to design a multi-center integrated system
for effective dissemination of the digitized cervigram image data over the Web from a central
repository such as the NLM. The data will be readily available to national and international
clinics and physicians for detection, localization, diagnosis and discrimination of the different
severity levels of neoplasia, including normal mimics of neoplasia, in the pre-clinical and then
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clinical setting. However, for effective dissemination of such large image databases, it is
essential that image compression be used that has a high compression ratio yet preserves crucial
features of color and spatial detail, such as the degree of whiteness and opacity in the
acetowhite regions and fine vascular structures. Using the original uncompressed image as the
criterion standard, the interpreter’s responses to inspection of the corresponding compressed
cervigrams will be compared. A baseline of inter-observer variability for inspection of the
original cervigrams will be calculated. Using tests of agreement and Kappa statistics, inter-
observer variability with inspection of the compressed images should remain at least 90% of
that compared with the original cervigram. The one exception is clinical diagnosis in which
comparable agreement is expected. These results will determine the maximum tolerable level of
HMVQ compression allowed for archiving purposes. Such high fidelity compression will also
be needed in designing compact imaging systems as screening tools for classification of
cervical neoplasia.
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